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Abstract

Background: The rise in the number and earlier age of onset of obese persons has raised critical concerns about consequences of obesity;
however, recent evidence suggests that the impact of obesity on health outcomes may have changed. This study aims to assess the change of
the impact of obesity on active life expectancy among Americans aged 70 years and older over almost two decades, 1993-1998 to 2010-2014.
Methods: For each period, we use three waves of data from the Health and Retirement Study to estimate age-specific transition probabilities
between health states. The average number of years active and disabled is calculated with Interpolated Markov Chain software based on
estimated transition probabilities.

Results: Overall obesity and severe obesity increased markedly over time yet active life expectancy expanded for all individuals and the
increases are greater among the obese and women. Increases in total and active life expectancy occurred because of the changing association
of obesity with disability and mortality.

Conclusions: Individuals at age 70 years in the later period in each weight group could expect to live a smaller proportion of remaining life with
activities of daily living disability than those in the earlier period. High levels of obesity continue to have significant adverse effects on the quality
of life. The increasing prevalence of severe obesity and the growing number of older persons may result in substantial additional health care needs
and costs. Continued effort to improve cardiovascular health is required to control the burden of obesity in later life in an era of rising obesity.

Keywords: Multistate life tables, Health trends, Health expectancy, IMaCh

There has been a striking rise in the number of obese older persons.
In 2014, the prevalence of obesity (defined as body mass index, BMI
> 30) reached almost 40% among Americans aged 60 and older,
rising from about 20% in the early 1990s (1,2). Americans are more
likely to become obese at younger ages and to experience a greater
duration of life with obesity over the life course (3), which could
have a pronounced adverse effect on health. Coupled with advanced
age, obesity can exacerbate functioning declines and the progres-
sion of chronic diseases, resulting in concerns about an increasing
burden associated with obesity among older persons, which could
be linked to increasing healthcare expenditures (4). Understanding
the impact of obesity on changes in active life expectancy among
the older population has important implications for forecasting the
potential demand for health care and social services in the context
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of population aging and an obesity epidemic. In this study, we use
national samples of Americans aged 70 years and older to provide a
comprehensive picture of how obesity links to years spent with and
without disability at two times to summarize changes over recent
years in the burden of obesity in terms of years of total life and years
with disability, metrics that can be readily understood by the public
and policymakers (5).

The impact of obesity on active life expectancy may have
changed in recent decades as a consequence of increasing obesity
and changing associations of obesity with disability and mortality.
Fueled by the large reduction in cardiovascular mortality, life ex-
pectancy at older ages has been improving (6). For instance, stroke
death rates decreased by almost 40% from 2000 to 2015 (7). During
the same time period, life expectancy at age 70 increased from 14.4
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to 15.6 (8,9). After the year 2000, the decline in the prevalence of
disability in the older population seems to have plateaued (10,11).
With increasing life expectancy and small changes in disability, older
persons may now live longer but also may spend more years of life
in disability compared to their peers in the past.

Over time, a substantial weakening of the association between
obesity and mortality has been reported. Mehta and Chang used
data for two time periods from the Framingham Heart Study, the
National Health and Nutrition Examination Survey (NHANES), and
the National Health Interview Survey and found that Class I obesity
(30 < BMI < 35) was significantly associated with higher mortality
relative to mortality for those with normal weight in earlier years
but the excess risk was eliminated in more recent years; higher levels
of obesity (BMI > 35) remained significantly associated with mor-
tality in the later periods, but a decline in the excess mortality asso-
ciated with BMI at least 35 relative to normal weight was observed
in the National Health Interview Survey data (12). The declining
obesity—mortality association is likely to be related to the reduc-
tion of cardiovascular risk factors, such as high cholesterol, high
blood pressure, and smoking, particularly among obese individuals
(13-16). These positive trends are largely attributed by the increased
use of antihypertensive and cholesterol-lowering medications, and
the reduction in untreated hypertension and dyslipidemia, perhaps
more so in obese persons (16,17). It is also possible that increased
surgical management of obesity has contributed to a weakening of
the obesity—mortality relationship (18,19). Studies have reported
the positive effects of bariatric surgery on most cardiovascular risk
factors (20), incidence of cardiovascular events (19), and mortality
(19,21). The weakening relationship between obesity and mortality
suggests that life expectancy may have a larger increase among obese
older adults compared with nonobese older adults over time.

Reports on relationships between obesity and disability also indicate
some change in recent years. Analysis of the NHANES data found that
the odds of activities of daily living (ADL) disability declined signifi-
cantly among nonobese persons aged 60 and older but did not change
among obese older persons from 1988 to 2004 (22); a subsequent study
showed moderate-to-severe disability among the obese declined in the
2005-2012 period, indicating the trend of an increasing gap in dis-
ability between the obese and nonobese has leveled off in recent years
and may be improving for certain measures of disability (23).

Active life expectancy combines effects of both mortality and
disability. Earlier work on the impact of obesity on active life ex-
pectancy using national data from 1993 to 1998 found that obesity
had little effect on total life expectancy after age 70, but it was
linked to shorter active life expectancy and longer disabled life ex-
pectancy (24). The differential influence of obesity on disability and
mortality, the recent changes in the trends of health and mortality,
and rising obesity indicate the value of revisiting the relationship
between obesity and active life expectancy and examining change
in this relationship over time. We build on earlier work using data
from the Health and Retirement Study (HRS) for the population
aged 70 and older in the United States (24) to extend the analysis to
the 2010-2014 period from the 1993-1998 period to examine how
the links between obesity, mortality, disability, and subsequent active
life expectancy have changed over approximately two decades. We
are limited to the population more than age 70 because of the way
cohorts were added to the HRS and our desire to focus on change
over time. We examine two categories of obesity, more moderate and
higher, which were not considered separately in the earlier analysis.
We expect that in the later period, older persons with obesity may
live longer but they may live more years with disability compared
with their peers at the earlier time, approximately 17 years ago.

Methods

Data

Data for this analysis come from the HRS, an ongoing nationally repre-
sentative longitudinal study of older Americans with data for the popu-
lation aged more than 70 available from 1993 onward. Details on the
HRS survey design and procedures are available from the University of
Michigan (http://hrsonline.ist.umich.edu). In this analysis, we examine
individuals aged 70 and older at two time points: 1993-1998 and
2010-2014. Analysis for the 1993-1998 period uses the first three
waves of data after the population aged more than 70 was added to the
HRS in 1993. Analysis for the later period used the HRS sample for the
population aged more than 70 from 2010 to 2014. Because the baseline
sample in 1993 represented community-dwelling adults aged 70 and
older, institutionalized persons were excluded from the initial samples
used in our analysis for both time periods; however, those who resided
in households but moved into institutions were included at subsequent
waves. Initially, there are 7,339 individuals in the early period and 8,042
individuals in the later period. We excluded individuals with missing
data on ADL disability or BMI at baseline (77 were excluded for the
1993-1998 period; 103 were excluded for the 2010-2014 period). We
excluded an additional 188 persons (2.5%) from the 1993-1998 period
and 203 persons (2.5%) in the 2010-2014 period because they only ap-
peared at baseline and did not provide information after the first inter-
view. Respondents who were lost to follow-up were less likely to be
disabled at the baseline in the 1993-1998 period, but obesity status was
not associated with loss to follow-up at either date. The final analytic
sample consisted of 7,174 persons at baseline for the 1993-1998 period
and 7,736 persons at baseline for the 2010-2014 period.

Measures

Mortality

HRS ascertains mortality from the National Death Index and reports
of survivors. Weir (25) assessed the completeness of mortality ascertain-
ment by comparing the HRS mortality to U.S. life tables and concluded
that mortality ascertainment in the HRS is effectively complete. For both
periods, date of death provided by the National Death Index was used
when available; when not available from the National Death Index, the
date provided by survivors in the HRS exit interview was used. If the date
of death was unknown, it was assumed to be the midpoint of the interval.

Active and disabled life

Disability was indicated by having difficulty or being unable to per-
form at least one of the six ADLs: walking across a room, bathing
or showering, eating, dressing, toileting, and transferring in or out of
bed. Active life is defined as time without difficulty performing any
of the ADLs; disabled life as time with difficulty performing one or
more of the ADLs. Those living in nursing homes or other types of
long-term care facilities were considered as disabled.

Obesity

BMI at the first wave of observation indicated weight status. BMI was
calculated using self-reported weight and height. Obesity was defined
according to the World Health Organization cutoff criteria of BMI of 30
or over. Obesity was further separated into two categories to examine
whether increased health risk was differentially associated with mod-
erate and higher levels of obesity: 30 < BMI < 35 and BMI > 35.

Statistical Analyses
We use a multistate life table approach to estimate total, active, and
disabled life expectancies. Three health states were defined at each
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of three points in time for the cohort members: active, disabled, and
dead. The method takes into account age-related state changes that
reflect both movement into and movement out of disability among
the obese and nonobese as well as the different mortality profiles
characteristic of disability state by obesity (26). Obesity status and
initial disability status (active or disabled) were determined using
data from the baseline interview. Each person has three possible
states at the two subsequent waves: active, disabled, and dead. There
were six possible transitions between each interview: active to ac-
tive, active to disabled (onset), active to dead, disabled to disabled,
disabled to active (recovery), and disabled to dead (Figure 1). Death
is an absorbing state from which there is no further transition. Age-
specific transition probabilities between the health states were es-
timated by multinomial logistic regression models conditioned on
age. The average number of years lived in each health state was cal-
culated with Interpolated Markov Chain (IMaCh, version 0.99r16)
software based on the estimated transition probabilities. IMaCh is
designed to incorporate multiple waves of data, different interval
lengths between survey waves, and cases with missing data (27).
Interval length is constructed from information on the date of inter-
view. Covariates include gender and two dummy variables indicating
the level of obesity: 30 < BMI < 35 and BMI > 35. All analyses were
weighted with sample weights so that the results are representative
of the community-dwelling population aged 70 and older at baseline.

The probability of moving in and out of disability and of
dying in the two time periods is presented in graphic form. Point
estimates along with 95% confidence intervals (Cls) are shown in
Supplementary Tables A1-A16. Estimates of the average total, ac-
tive, and disabled life expectancies for obese and nonobese older
adults are presented in tabular form, with 95% confidence intervals.

We then decompose the changes in health expectancies over time
into the effect of change in weight composition of the population
and the effect of the changing associations of obesity with disability
and mortality. We first assume that the prevalence of BMI classes
changed over time as observed but the associations between weight
and disability and mortality stayed as observed in the earlier period.
We then assume that the prevalence of BMI classes stayed as ob-
served in the earlier period but that the associations of weight with
disability and mortality changed as observed.

Results

Prevalence of Obesity

Table 1 presents the distribution of BMI for two periods. In 1993,
about 11% (30 < BMI < 35: 9.18%, BMI > 35: 1.84%) of men and
15% (30 < BMI < 35: 11.34%, BMI > 35: 3.46%) of women aged
70 and older were obese; this prevalence increased to about 25% for
both men and women in 2010. Older women were more likely than
men to be obese in 1993; whereas in 2010, the prevalence of obesity
was similar for men and women, reflecting more rapid increases in
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Figure 1. States and transitions estimated in the multistate life table.

obesity prevalence among older men. The percentage of persons with
30 < BMI < 35 increased by about nine percentage points for men
and about five percentage points for women over these 17 years. In
1993, less than 2% of older men and 3.5% of older women had a
BMI of at least 35; this number increased to almost 7% for men and
8% for women by 2010.

Transition Probabilities

Figure 2 depicts 2-year probabilities of making health transitions
for three BMI classes at each age: dying from either the active or
disabled state and becoming disabled or recovering from disability.

In the earlier period, nondisabled men with BMI of at least 35
had a statistically significantly higher risk of mortality at age 70-77
than their peers with 30 < BMI < 35. This is the only group for
whom the likelihood of dying among the three BMI groups is signifi-
cantly higher at either date.

The probability of dying among the nondisabled has declined over
time for almost all weight groups across the entire age range. The ex-
ception is nonobese men with BMI less than 30 at advanced old ages.
The decline is significant for nonobese men aged between 70 and 82,
nonobese women aged 70-87, and women aged 70-78 with BMI at
least 35. In the earlier period, at age 70, the 2-year probability of dying
was 0.045 (CI: 0.038-0.052) for nonobese men, 0.038 (CI: 0.027—
0.049) for men with 30 < BMI < 35, and 0.088 (CI: 0.050-0.126) for
men with a BMI at least 35. These numbers decreased in the second
period to 0.030 (CI: 0.024-0.036) for nonobese men, 0.027 (CI: 0.020-
0.034) for men with 30 < BMI < 35, and 0.036 (CI: 0.023-0.049) for
men with BMI at least 35. The difference among the three BMI groups
has become markedly smaller over time. The patterns of difference and
changes in mortality risk are similar for women, although women’s
mortality risk in each BMI class is lower than men’s at each age.

Figure 2B shows the 2-year probability of dying from the disabled
status. Both for men and women who were disabled at the baseline
interview, the likelihood of dying is not significantly associated with
BMI. Although mortality risk is lower for the later period at each
age, the reduction in mortality is not significant for any group.

The likelihood of becoming disabled for obese and nonobese per-
sons at each age is presented in Figure 2C. Obese men and women had
a significantly greater chance of becoming disabled compared with
those who were not obese—these results are true for both periods,
except for the oldest age (ages 93-95) group of men in 1993-1998
due to the wide confidence intervals for men with BMI at least 35.
The probability of developing disability decreased significantly for less
obese men, or those with 30 < BMI < 35, after age 77 and nonobese
men after age 90. Nonobese women aged 75 and older and women
with moderate obesity (30 < BMI < 35) at any age experienced signifi-
cant reductions in the probability of becoming disabled. At the higher
level of obesity, the likelihood of disability did not decline for either
men or women. The decrease in the likelihood of becoming disabled
is greater in obese than nonobese persons, and in women than in men.

The likelihood of recovering from disability or moving from the dis-
abled to the able state is shown in Figure 2D. No significant differences
over time in the probability of recovering were observed for obese per-
sons. Only nonobese men between age 70 and 87 and nonobese women
between age 74 and 84 experienced a statistically significant increase in
the probability of recovering from disability to active over the two periods.

Health Expectancies
Table 2 presents the total, active, and disabled life expectancies at age
70 estimated based on the probabilities of making health transitions
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Table 1. Distribution of Obesity, Aged MoreThan 70, the Health and Retirement Study 1993-1998 and 2010-2014

1993-1998 2010-2014 Change
(N = 7,174) (N =7,736)
Male
BMI < 30 88.97 (87.56-90.24) 75.32 (73.53-77.02) -13.65
30 <BMI < 35 9.18 (8.04-10.47) 18.07 (16.65-19.59) +8.89
BMI > 3§ 1.8 (1.36-2.49) 6.61 (5.73-7.61) +4.77
Female
BMI < 30 85.20 (83.60-86.67) 75.27 (73.83-76.65) -9.93
30 <BMI < 35 11.34 (10.26-12.51) 16.50 (15.39-17.67) +5.16
BMI > 35 3.46 (2.80-4.27) 8.24 (7.30-9.28) +4.78

described earlier. Total life expectancy at age 70 is greatest among
persons with 30 < BMI < 35. The difference in total life expectancy is
not significant between the nonobese and those with 30 < BMI < 35.
In 1993-1998, life expectancy at age 70 was significantly shorter for
persons with BMI at least 35; however, the difference between those
with high levels of obesity and others has been reduced and become
nonsignificant in 2010-2014. All groups experienced increases over
time in total life expectancy at age 70. Increases in total life expect-
ancy were greatest among those with the higher level of obesity. The
increase in total life expectancy for persons with 30 < BMI < 35 was
not significant.

Individuals in all groups experienced significant increases in ac-
tive life expectancy over time. Active life expectancy has extended
from 10.0 to 11.6 years for nonobese men, 9.1 to 11.2 for obese
men with 30 < BMI < 35, 5.8 to 8.5 for obese men with BMI > 35,
10.7 to 13.3 for nonobese women, 9.4 to 12.5 for obese women with
30 <BMI < 35, and 6.3 to 9.5 for obese women with BMI > 35. The
increase is 1.6 for nonobese men, 2.1 for obese men with 30 < BMI
< 35,2.7 for obese men with BMI of 35 or higher, 2.6 for nonobese
women, 3.1 for obese women with 30 < BMI < 35, and 3.2 for obese
women with BMI of 35 and higher—indicating that the increase in
active life is greater for women and for obese persons.

Disabled life expectancy increased 0.2 years for nonobese men
and 0.9 years for obese men with BMI at least 35 and decreased
0.4 years for obese men with 30 < BMI < 35, but none of the changes
was statistically significant. Women with BMIs of lower than 35 had
some insignificant reductions in disabled life expectancy—a 0.2 year
decrease for nonobese women and 1-year decrease for obese women
with 30 < BMI < 35.

We also calculated the percent of total life that is disabled. For
both generations, the proportion of disabled life is greater with higher
BMI, and women spend a higher percentage of their remaining years
in disability. Compared with the earlier time, older people in more
recent years can expect to spend a smaller proportion of life with
disability after age 70. The reduction is more substantial for obese
persons than for nonobese persons. Nonobese men at age 70 in the
later period can expect to spend 20% of their remaining years of life
in disability, about a 1 percentage point reduction from the earlier
period; obese men with 30 < BMI < 35 could expect to spend 26.8%
of their expected life disabled, a 6 percentage point decrease from
their counterparts in the earlier period; and obese men with BMI of
at least 35 could expect to spend 34.6% of their expected life dis-
abled, a 3.7 percentage point reduction compared with their peers
in the earlier period. The pattern of the change in the proportion of
life lived with disability is similar in women, except that decrease in
disabled time is larger for women than for men.

Effect of Change in BMI Composition and Links
Between BMI and Disability and Mortality

on Change inTotal, Active, and Disabled Life
Expectancy for the Entire Population

To this point, we have examined life expectancy within BMI classes.
Changes in total, active, and disabled life expectancies for the total
population can result from the compositional shift in BMI classes
in the population and/or the changing links of BMI classes to dis-
ability and mortality. We calculate the hypothetical effect of the
compositional change in weight and the change in mortality by BMI
class on health expectancies at age 70 for the total population as-
suming either that only the distribution of weight changed or that
only the weight-mortality/disability associations changed between
the two periods (Table 3). To do this, we estimate the total, active,
and disabled life expectancy for the entire population of men and
women aged 70 in 1993-1998 and 2010-2012. The results, along
with the hypothetical changes in these estimates, are given in Table
3 (labeled as “1993-1998 (observed)”, “2010-2014 (observed)”,
and changes observed and with hypothetical changes). The overall
level of life expectancy at age 70 increased by about 1.7 years for
men and 2.3 years for women in this period. Most of the increase
was in active life expectancy for men (1.5 years); for women, the in-
crease in active life expectancy (2.4 years) exceeded that in total life
expectancy. Assuming the transition schedules for weight with dis-
ability and mortality did not change from 1993-1998 to 2010-2014
but only the BMI composition of the population aged 70 and older
changed, we calculate health expectancies for the 2010-2014 period.
For instance, the total life expectancy in 2010-2014 assuming only
BMI composition changed is the sum of the weighted total life ex-
pectancy for each BMI category for the 1993-1998 period, using the
2010-2014 BMI distribution as population weights. The results are
presented in the column that labeled as “2010-2014 (assume only
BMI composition change)” in Table 3. Our calculation shows that
changing BMI composition has little effect on total life expectancy;
it would have reduced active life by 0.2 years and extended disabled
life by 0.2 years for both men and women. We also examined the
change in life expectancy that would have occurred with only the
changes in the associations between BMI and mortality and dis-
ability but no change in the prevalence of BMI classes. Large changes
in total, active, and disabled life expectancies over time would have
resulted from the changes in the links of obesity to disability and
mortality (Labeled as “change”- “due to changes in associations of
BMI with disability and mortality” in Table 3). These changes ex-
plained the observed increases in total and active life expectancy and
would have led to even larger increases in the length of active life.
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Figure 2. Two-year probability of health transitions for three weight
classes. (A) Two-year probability of dying from the active status. (B) Two-
year probability of dying from inactive status. (C) Two-year probability of
becoming disabled. (D) Two-year probability of recovering from disability.

Sensitivity Analysis

Low body weight and involuntary weight loss at old ages can in-
dicate underlying health deterioration and are highly predictive
of mortality (28). To examine the potential effect of illness on our
results, we explored the sensitivity of our results to eliminating
those who had been diagnosed with cancer before the initial
interview, to eliminating those who were underweight at the first
interview (BMI <18.5), to using lifetime maximum weight rather
than current weight at the first interview for the second period,
and to separating overweight from the normal weight category.
Although the total, active, disabled life expectancy estimates
from each analysis differ slightly from those presented here,
almost no differences are statistically significant. Our observa-
tions on changes over time are not affected in a meaningful way.

Details on the sensitivity analyses are provided in Supplementary
Appendix B.

Discussion

Using a large nationally representative sample of older Americans
aged 70 years and older, this article examined the dynamic impact
of obesity on active life expectancy in two periods, 1993-1998
and 2010-2014. Our findings provide support for our hypotheses.
Although obesity overall and obesity at higher levels increased mark-
edly over this 17-year period; mortality declined for both obese
and nonobese men and women over this period, and those with
the highest level of obesity had the most substantial reduction. As
a result, the mortality differences across BMI class have decreased.
Changes in health transitions resulted in significant increases in total
life expectancy in those with BMI less than 30 and BMI at least 35 for
both men and women, and some increases for those with 30 < BMI <
35. Active life expectancy expanded significantly for all individuals—
the increases are greater among the obese and women. Changes in
disabled life expectancy within BMI groups were not significant.
Overall, individuals at age 70 in the later period in each of the BMI
groups could expect to live a smaller proportion of remaining life
with ADL disability. The reduction is more substantial among women
and strongest among persons with 30 < BMI < 35. The change in
the distribution of BMI has bad a minor effect on overall and ac-
tive life expectancy. Our results, about the declines in the association
between obesity and mortality, are consistent with those from other
recent studies (12,29). As cardiovascular health is the major pathway
in which obesity is linked to mortality, the weakening association be-
tween obesity and cardiovascular mortality has been suggested as the
dominant driving force for the declining association between BMI
and mortality. Analysis using the NHANES from 1971 to 1994 iden-
tified that 19% of cardiovascular deaths were associated with obesity
in the 1971-1975 survey and the number reduced to 10% in the
1976-1980 survey and further decreased to 5% in the 1988-1994
survey (30). It is also important to note that there is some evidence
that significant reductions in cardiovascular mortality have slowed or
even been eliminated in the last couple of years (31,32). If this trend
continues, the favorable changes in the burden of obesity observed in
this study will potentially diminish in the near future.

In addition to the improvement in medical conditions, recog-
nizing the social and environmental context of disability and mor-
tality is essential for understanding changes in associations between
weight and disability and mortality. First, older populations in the
more recent generation generally have a higher level of education
than those in earlier time periods. Higher education has been as-
sociated with many favorable health outcomes including better
functioning and lower mortality. The changes in the educational
composition of older populations could contribute to the reduction
in the associations of obesity with disability and mortality (33) and
therefore weaken the negative impact of obesity on active life expect-
ancy. Second, the physical and service environments in which older
adults conduct daily activities have changed (34). Relative to their
counterparts in the earlier period, older adults who are obese in the
later period may be less likely to be ADL disabled because they use
assistive technology and residential modifications to improve their
ability to perform ADL activities (34,35).

There are several limitations to this study. First, our calculation
of BMI was based on self-reported height and weight. Because the
HRS started measuring height, weight, and waist circumference for
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Table 2. Years of Total, Active, and Disabled Life Expectancy at Age 70, and Percent of Remaining Life Disabled at Age 70: the Health and

Retirement Study 1993-1998 and 2010-2014

1993-1998 2010-2014
Total Active Disabled Disabled, % Total Active Disabled Disabled, %
Male
BMI < 30 12.7 10.0 2.7 21.3 14.5% 11.6* 2.9 20.0
(12.2-13.2) (9.5-10.4) (2.5-3.0) (13.9-15.0) (11.1-12.1) (2.6-3.1)
30 <BMI < 35 13.7 9.1 4.5 32.8 15.3 11.2* 4.1 26.8
(12.4-14.9) (8.2-10.0) (3.7-5.3) (14.2-16.4) (10.4-12.1) (3.4-4.7)
BMI > 35 9.4 5.8 3.6 38.3 13.0* 8.5% 4.5 34.6
(7.8-11.0) (4.6-7.1) (2.5-4.6) (11.6-14.4) (7.4-9.6) (3.6-5.4)
Female
BMI < 30 15.5 10.7 4.8 31.0 17.9* 13.3* 4.6 25.7
(15.0-16.0)  (10.3-11.1)  (4.5-5.2) (17.3-18.5)  (12.7-13.8)  (4.3-5.0)
30 <BMI < 35 17.0 9.4 7.6 44.7 19.1 12.5% 6.6 34.6
(15.6-18.4) (8.5-10.3) (6.4-8.7) (17.8-20.3) (11.6-13.4) (5.6-7.5)
BMI > 35 12.4 6.3 6.2 50.0 16.5% 9.5% 7.0 42.4
(10.6-14.3) (5.0-7.6) (4.6-7.7) (14.9-18.1) (8.3-10.6) (5.8-8.3)

*Indicates significant change from 1993-1998 to 2010-2014.

Table 3. Changes in Total, Active, and Disabled Life Expectancy for the Entire Population at Age 70: the Health and Retirement Study
1993-1998 and 2010-2014: Actual and with Assumptions About Changing Body Mass Index (BMI) Composition and Changing Associations

of BMI with Disability and Mortality

1993-1998 2010-2014 2010-2014 (assume Changes
(Observed) (Observed) only BMI composition
change) Observed change Assuming only Assuming only changes
changes in BMI in associations of BMI
composition with disability and
mortality
Male
Total 12.7 14.4 12.7 +1.7 0.0 +1.7
Active 9.8 11.3 9.6 +1.5 -0.2 +1.7
Disabled 2.9 3.2 3.1 +0.3 +0.2 +0.1
Female
Total 15.5 17.8 15.5 +2.3 0.0 +2.3
Active 10.3 12.7 10.1 +2.4 -0.2 +2.6
Disabled 5.2 51 5.4 -0.1 +0.2 -0.3

a random half-sample at each wave since 2006, we cannot use meas-
ured BMI to assess the change in the impact of obesity over the long
time period. We compared measured height and weight in 2010 to
reported height and weight. Respondents overestimated height by
0.03 m and underestimated weight by 1.1 kg. We then recomputed
our life tables using BMI based on measured height and weight for
the 2010-2014 period. We do not observe meaningful differences
in the active life expectancy estimates. Because reporting bias is un-
likely to change in the short time period in which we are looking at
the link between obesity and outcomes, it seems unlikely that our
conclusions about change are affected by using self-reports.

Second, it has been suggested that BMI may be a suboptimal
indicator of visceral fat in older populations because body fat re-
distributes from subcutaneous regions to intra-abdominal and
intra-hepatic regions at old ages, but BMI cannot account for the
fat distribution and its change (36). In addition, BMI could under-
estimate total adiposity in older adults as fat mass increases and lean
mass decreases (37). However, this may ultimately have little effect
on our analysis because increase in fat mass in older ages would
make BMI underestimate fatness whereas height shrinkage would

overestimate fatness and be a compensating factor (38). Waist cir-
cumference has been suggested to be a better indicator of abdominal
adiposity than BMI (39). However, because waist circumference has
been measured in the HRS only since 2006, it is not possible to assess
time trends over the long time period. Third, because of the small
number of highly obese individuals, particularly in the earlier period
and at the oldest ages, our analysis for obese persons at the higher
level of obesity may lack statistical power. Our analytic approach
based on the IMaCh program is relatively conservative in assessing
the significance of change because we compare the two point esti-
mates using confidence intervals. It seems valuable to include this
weight category even though the sample is relatively small in the
first interval.

We believe this to be the first study to examine how the impact
of obesity on active life expectancy has changed over time. Our re-
sults suggest that high levels of obesity continue to have significant
adverse effects on the quality of life. Older people at the higher
level of obesity should expect to spend 35% to 40% of their re-
maining life with disability at age 70 with a lower likelihood of re-
covering from disability than others. The nonobese at age 70 could
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expect to spend about 20% to 25% of remaining life with disability
with a lower possibility of becoming disabled and a higher possi-
bility of recovery. The increasing prevalence of severe obesity, along
with the growing number of older persons, may result in substan-
tial additional health care needs and costs. Although there has been
some reduction in the impact of obesity on active life expectancy,
continued effort to improve cardiovascular health will likely be re-
quired to control the burden of obesity in later life in an era of
rising obesity.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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